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Spin injection efficiency based on conventional ferromagnet (or half-metallic ferromagnet) 
/semiconductor is greatly limited by the Schmidt obstacle1 due to conductivity mismatch, here we 
proposed that by replacing the metallic injectors with spin gapless semiconductors can 
significantly reduce the conductive mismatch while conserve high spin polarization. By 
performing first principles calculations based on superlattice structure, we have studied the 
representative system of Mn2CoAl/semiconductor spin injector scheme. The results showed that 
high spin polarization were maintained at the interface in systems of Mn2CoAl/Fe2VAl constructed 
with (100) interface and Mn2CoAl/GaAs with (110) interface, and the latter is expected to possess 
long spin diffusion length. Inherited from the spin gapless feature of Mn2CoAl, a pronounced dip 
was observed around the Fermi level in the majority-spin DOS in both systems, suggesting fast 
transport of the low-density carriers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Introduction.―The rapid development of spintronics requires large sources of spin-polarized 
charge carriers, turning spin injection into a field of growing interest in recent decades. 
Conventionally, the spin injection utilized the ferromagnet/semiconductor (SC) interface2, for 
which the injection efficiency was greatly limited due to the conductivity mismatch (theoretically 
modeled by Schmidt et al1) and low spin polarization degree of the magnetic source. Subsequently, 
with the emerging of half-metallic ferromagnets (HMF) that possess nearly 100% spin 
polarization, the HMF/SC heterostructures were proposed for enhancing the spin injection 
efficiency3, 4. Nevertheless, the conductivity mismatch between the metal and semiconductor still 
exists. The tunnel contacts were raised as one way to circumvent this obstacle5, 6. Usually with an 
oxide layer between the metal and semiconductor to form tunneling barriers, such as FM/MgO/SC 
heterostrucutre7, the fabrication process became more stringent and complicated. On the other 
hand, magnetic semiconductors were also tried to realize high spin polarization injection8, 9 , but 
they are restricted to low temperatures and sometimes need large field bias.   
Here we proposed another spin injector scheme that not only keep a high spin polarization 
of the injection source like HMF, but also can effectively overcome the conductivity mismatch. 
The scheme we considered is the spin gapless semiconductors (SGS), a kind of gapless 
semiconductor accompanying with fully spin polarized charge carriers10 (see in Fig.1 for the band 
schetch of SGS comparing with a normal semiconductor). In addition, the Heusler type SGS we 
mentioned in the following possess the advantage of high Curie temperature and compatibility to 
the industrial semiconductor from both structure and lattice constant. 
 Heusler alloy Mn2CoAl has been predicted to be a spin gapless semiconductor both 
theoretically and experimentally11. The reported data for the conductivity of Mn2CoAl is in the 
order of 103 S cm-1, about two orders lower than the traditional HMF (for example, Co2MnSi12 is 
~105 S cm-1). Considering that the electronic states of SGS are extremely sensitive to the atomic 
order, we evaluated the conductivity of fully ordered Mn2CoAl by employing BoltzTraP code13 
based on semiclassical Boltzmann transport theory. The calculated room temperature conductivity 
(with respect to a constant relaxation time) for the three typical systems of Co2MnSi, Mn2CoAl 
and GaAs were presented in the right panel of Fig.1. It can be seen that the conductivity of perfect 
Mn2CoAl is much lower (nearly ten times) than that of Co2MnSi, while very close to that of GaAs. 
The small conductivity mismatch between SGS and SC is promising to enhance the degree of spin 
polarization in SC region according to the Schmidt model1.  
 As done in most systems of HMF/SC, the interface spin polarization can be evaluated by 
building heterostructure model using first principles method3, 14. In the present letter we 
investigated the layer-by-layer electronic structure of SGS/SC (SGS=Mn2CoAl, SC=Fe2VAl, 
GaAs) heterostructures. We found that high spin polarization can be preserved for certain interface 
configurations.  
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